Bragg diffraction which provides effective acoustooptic interaction of three-color radiation with a single acoustic wave at a high frequency of sound is proposed and tested in a single crystal of paratellurite at the wavelengths of = 0.488, 0.514, and 0.633 m. Maximal diffraction efficiency of radiation with =0.633 m at acoustic frequency of 150 MHz is 88% and that with = 0.488 m and =0.514 m is 60%. In diffraction efficiency range from 0 to 40% the dependence of all beams on acoustic power is the same.
Introduction
Acoustooptic (AO) diffraction is widely used to control the parameters of optical radiation. Bragg diffraction modes regimes, which allow deflecting radiation with efficiency close to 100%, turned out to be the most popular in practice [1, 2] . However, high selectivity of Bragg regime to the wavelength of light makes it difficult to use it to deflect multicolor optical radiation. It was shown that, in anisotropic materials, it is possible to deflect up to six beams with different wavelengths [3, 4] . However, sampling of the wavelengths is not random and optional sampling can be made only for two-color radiation [4] . This approach did find an application, in particular, in 2-dimensional laser anemometry [5, 6] . The task of controlling three-color optical radiation becomes acute in many areas of science and technology (see, e.g., [7] [8] [9] ). As a rule, this problem is solved by using several AO-cells or by a single cell which is controlled by several acoustic frequencies [10] . Using only one AO-cell with a single acoustic frequency has several advantages: it eliminates the effects of intermodulation and reduces energy consumption, device size, and its cost, and so on.
For three-color radiation with an arbitrary set of wavelengths it is impossible to find the condition of strict Bragg synchronism with a single acoustic wave, but it is possible to define the conditions when the Bragg mismatch would be minimal. A similar problem was previously tried to be solved in [11, 12] and practical realizations were found at ∼ 84 and 87 MHz sound frequency. However, it is well known that the frequency of sound limits the range of measured speed in laser Doppler anemometry [13] . The operation principle of Doppler anemometry is based on the change of the light frequency after reflection from the moving object. Deviation of light frequency Δ] is defined from the relation Δ]/] = V/b where ] and C are frequency and speed of the light and V is speed of the moving object [14] [15] [16] . For example, change of Δ] =100 MHz corresponds to V = 630 m/s for the reflected light at the wavelength of 0.63 m. Laser Doppler anemometry based on the differential scheme allows measuring the value Δ] with respect to the frequency f of the acoustic wave which propagates through the AO crystal; in this case the relation f > Δ] has to be fulfilled. In other words, the higher the frequency of sound controlling the optical rays, the wider the measured velocity range. For 3-dimentional velocity measurements three beams with different wavelengths can be used, and then each velocity component is measured by one of the beams.
In this paper, we found the AO conditions for threebeam diffraction at the wavelength of 0.633 m (He-Ne laser radiation), 0.488, and 0.514 m (Ar laser radiation) interacting with a "slow" acoustic wave propagating in a TeO 2 crystal at the maximum possible frequency. The obtained acoustic frequency is ∼ 150 MHz, which is almost twice the frequency of sound used previously. Figure 1 shows a vector diagram of the proposed AO diffraction of three-color optical radiation on a single acoustic wave occurring in uniaxial positive gyrotropic crystal. It should be noted that the proposed regime can be realized in uniaxial crystals both with gyrotropy and without gyrotropy but we consider the gyrotropic crystal because we have in mind the gyrotropic paratellurite crystal. The optical light falls at an angle on the input crystal face OY, oriented orthogonal to the optical axis OZ. The light splits inside the crystal onto the monochromatic components; each component in common case is represented by two beams with different polarizations. To avoid the picture overloading only one beam for each component which takes part in diffraction process is shown. The wave vectors of the incident optical radiation are → 1 , as "e-o" diffractions. In Figure 2 the mismatch Δ on the light wavelength is shown. It was assumed that the diffraction occurs in paratellurite on the shear and "slow" acoustic wave propagating orthogonal to the optical axis OZ with the velocity of 617 m/s. The calculations were made for the acoustic frequency 148 MHz and angle of incidence = 4.02 ∘ . By taking into account the crystal gyrotropy the refractive indices of the crystal are described by [17] :
Theory
where and are the projections of the refraction vector → on the OY and OZ directions, respectively (the direction of the refraction vector → coincides with the light wave vector → , and its value is equal to the refractive index of the crystal [18] ), 0 and are the principal refractive indices of the crystal, and 11 and 33 are the components of the pseudogyration tensor. In our calculations the influence of 11 was neglected, it was assumed that 11 = 0. The refractive indices and the component 33 for the TeO 2 as the functions of wavelength are derived from [19] [20] [21] 
The projections of the wave vector → on the directions OY and OZ are equal accordingly to = (2 / ) and = (2 / ) . In Figure 2 two branches which correspond to diffractions "o-e" and "e-o" are shown. It can be seen that, with the parameters mentioned above, the beam with a wavelength 1 = 0.633 m is in strong Bragg synchronism, Δ =0, but for other beams with 2 = 0.514 m and 3 = 0.488 m Δ ∼5 cm −1 . Figure 3 shows a dependency of Δ from angle for the before-mentioned wavelengths at acoustic frequency of 148 MHz. As evident Δ =0 for the light with 1 at = 4.02 ∘ ; for other beams Δ does not exceed 5 cm −1 . This Δ value gives rise to the theoretical maximal diffraction efficiency not less than 65% at AO-interaction length equal to 0.4 cm (experimental conditions, see below). Figure 4 represents the theoretical dependencies of the 1 order diffraction efficiency on the electrical power which is applied to the piezo transducer as well as the experimental results. The theoretical curves are calculated according to (3) [1, 2]:
where 1 is intensity of the beam diffracted into the 1 order, inc is intensity of the incident beam, is Raman-Nath parameter, ≈ (2 / )√( 2 /2 ) ac where is wavelength of the light, 2 is AO figure of merit, and are length of AO-interaction and the height of the acoustic column, and is the acoustic power. In our calculations = = 0.4 cm (experimental conditions) and 2 was taken equal to 1200×10 −18 s 3 /g. According to our measurements = 0.64 P, where P is electrical power applied to the piezo transducer. It is clearly seen that at initial stage (P<50 mW) the curves for different wavelengths are located quite near to each other. At P > 100 mW these dependences start to diverge significantly. In our experiments (see below) the conditions of linear dependence of all beams in wide range of the variation of applied electrical power were achieved at acoustic frequency ∼ 150 MHz.
Experiment.
For testing of our approach the experiment has been performed. The experimental setup is presented in Figure 5 . Ar laser 1 generates two bright beams at 2 = 0.514 m and 3 = 0.488 m. These beams propagate through attenuator 2, quarter-wave plate 3, and then pass through a splitter 4. At the same time beam with wavelength 1 = 0.633 m generated by laser 5 goes through quarter-wave plate 6 and then is reflected from plate 4. After plate 4 all beams propagate collinearly with respect to each other. The surfaces of plate 4 have special coating; therefore beams 2 and 3 pass through this plate but beam 1 is reflected from it. The total radiation modulates by mechanical chopper 7 and focuses on The intensities of the initial laser beams propagating in I 0 direction without acoustic wave were measured by means of photodetector. During the measurement the beams were separated from each other with the interference filters. Intensities of the beams at the wavelengths of 1 , 2 , and 3 were 15, 25, and 15 mW, correspondently. Diffracted beams were measured when the acoustic wave was propagated through the crystal. Diffraction efficiency was defined as the ratio of the intensities of the diffracted and incident beams. A set of the calibrated optical attenuators was used to increase the measurement accuracy. All diffracted beams propagate on one side with respect to the incident beam. Since the beams 2 and 3 propagate fairly close to each other, the interference filters 10 were used to separate them. No filter was required for extracting the beam 1 . Figure 4 demonstrates the experimental results for the wavelengths of 0.633 m, 0.514, and 0.488 m. Maximum diffraction efficiency of radiation with =0.633 m at acoustic frequency of 150 MHz is 88% and that with = 0.488 m and =0.514 m is 60%. The most interesting from a practical point of view is the existence of a range in the initial section of Figure 4 when the intensities of all beams change linearly and the slope of all curves is the same. Here beams intensities vary up to 40% of the incident radiation.
It should be noted that if all the incident beams were in strict Bragg synchronism with the acoustic wave, that is, condition Δ = 0 is fulfilled, then, as follows from (3) slopes of all the curves in the initial section of Figure 4 would be different. All our experiments confirmed the theoretical conclusions; good agreement was obtained between the experimental and the theoretical results. The optimal experimental frequency of 150 MHz practically coincides with the theoretical one of 148 MHz.
Conclusion.
In this paper we have proposed and examined a variant of AO diffraction of three-color optical radiation on a single acoustic wave at the maximum possible frequency of transverse sound propagating orthogonally to the optical axis of the TeO 2 crystal. To obtain effective diffraction of optical beams on given wavelengths it was proposed to use diffraction regimes with mismatched Bragg synchronism. According to the developed method the diffraction conditions were chosen so that the radiation beam with the maximum wavelength was in strict Bragg synchronism with the acoustic wave, whereas the dissynchronism of the other beams with the same acoustic wave was minimal. The presence of equal dependence of diffraction efficiency of the beams at wavelengths of 0.633, 0.514, and 0.488 m on the acoustic power has been revealed. Variation of beam intensities was linear, with equal slope, and may change from 0 to 40% of the incident radiation. The proposed technique has been demonstrated on the example of threecolor radiation, two beams of which (0.488 and 0.514 m) are generated by an Ar laser and the third beam (0.633 m) is generated by a He-Ne laser. The beams interact with a single acoustic wave propagating in a paratellurite crystal with the velocity of 617 m/s. It has shown that the optimal regime is realized when using a paratellurite crystal at the acoustic frequency of 150 MHz. In this case the maximum diffraction efficiency with a wavelength of 0.633 m is 88%, and with wavelengths 0.488 and 0.514 m it is 60%.
The results obtained can be used to elaborate new AO devices designed to control three-color laser radiation.
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